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Abstract
· AIM:Topresenttheresultsofsame-daytopography-
guidedphotorefractivekeratectomy(TG-PRK)andcorneal
collagencrosslinking (CXL)afterpreviousintrastromal
cornealringsegment(ISCR)implantationforkeratoconus.
· METHODS:Anexperimentalclinicalstudyontwenty-
oneeyesof19patientsaged27.1依6.6y (range19-43y),
withlowtomoderatekeratoconuswhowereselectedto
undergocustomizedTG-PRKimmediatelyfollowedby
same-dayCXL,9moafter ISCRimplantationina
universityophthalmologyclinic.Refraction,uncorrected
distancevisualacuities (UDVA)andcorrecteddistance
visualacuities (CDVA),keratometry (K)values,central
cornealthickness (CCT)andcomawereassessed3mo
afterTG-PRKandCXL.
· RESULTS: After TG-PRK/CXL: the mean UDVA
(logMAR)improvedsignificantlyfrom0.66依0.41to0.20依
0.25( <0.05);K flat valuedecreasedfrom:48.44依3.66Dto
43.71依1.95D;K steep valuedecreasedfrom45.61依2.40Dto
41.56依2.05D;K average alsodecreasedfrom47.00依2.66Dto
42.42 依2.07D ( <0.05forall).Themeansphereand
cylinderdecreasedsignificantlypost-surgeryfrom,
-3.10 依2.99Dto-0.11依0.93Dandfrom-3.68依1.53to
-1.11 依0.75Drespectively,whiletheCDVA,CCTand
comashowednosignificantchanges.Comparedtopost-
ISCR,significantreductions(<0.05orall)inallKvalues,
sphereandcylinderwereobservedafterTG-PRK/CXL.
· CONCLUSION: Same-day combined topography-
guided PRK and corneal crosslinking following
placementofISCRisasafeandpotentiallyeffective
option in treating low-moderate keratoconus. It
significantly improves all visual acuity, reduced
keratometry,sphereandastigmatism,butcausesno
changeincentralcornealthicknessandcoma.
· KEYWORDS: keratoconus;astigmatism;photorefractive
keratectomy; cornealcollagencrosslinking; intrastromal
cornealrings
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INTRODUCTION
K
eratoconusisachronicnon-inflammatory,asymmetric
andusuallybilateralcorneadegeneration,characterized
bylocalizedcornealthinning,visualdistortion,corneal
steepening,andcentralcornealscarring
[1,2].Itsonsetisusually
inyoungadulthoodbutoftenbecomesapparentduringthe
seconddecadeoflife,progressinguntilthefourthdecadeof
life,whenitusuallystabilizes
[3-6].Although,predictingthe
severityandtimeofprogressionofthediseaseishard,
progressisusuallymorerapidinthefirstaffectedeyeand
happensinaperiodof3-8y
[5,7].
Theocularsymptomsandsignsofthediseasevarywidely
withthediseaseseverity
[3].Attheearlieststage,unless
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cornealtopographyisassessed,keratoconuscangounnoticed
bythepractitioner,duetotheabsenceofsymptoms
[8].There
isasignificantlossofvisualacuity(VA)whichcannotbe
correctedwithspectacles,andtheappearanceofa
'scissor-like'reflexmotiononretinoscopy,suggestingthe
developmentofirregularastigmatism.Keratometerreadings
arecommonlywithinthenormalrangebutmayhave
irregularmires.Cornealtopographymayrevealcorneal
thinningwiththethinnestpartofthecornealocatedoutside
thevisualaxis
[1].Inthelater(moderatetoadvanced)stageof
thedisease,Fleischer'sring,Vogt'sstriae,Rizzuti'ssign,
Munson'ssign,andtheincreasedvisibilityofcorneanerves
becomeapparent
[9].Cornealscarringmayeventuallydevelop
inthemajorityofcontactlenswearers.
Treatmentoptionscomprisefirst:theuseofspectacleorrigid
gaspermeablecontactlensesattheearlystages;second,
restoringtheintegrityofthecorneabysurgicaltechniques
suchasintracornealringsegmentsandcollagencrosslinking
(CXL)
[9,10].However,lamellarorpenetratingkeratoplastyare
considerableoptionsintheadvancedstagesofkeratoconus,
wheretheaimisoftentoimprovepatient'squalityoflife
[11].
Collagencrosslinkingtreatmentusesriboflavinand
ultraviolet-A(UVA)irradiationtostrengthenthecorneaby
augmentingthecrosslinksbetweencollagenfibrils,thereby
stabilizingthecondition
[12].StudiesonCXLhavereported
stabilityinprogressionofthedisorder,butwithminimal
improvementinvisionqualityofpatients
[13-15].Forthisreason,
combinedprocedureshavebeenproposedtomaximizethe
resultsfromCXL:conductivekeratoplastyfollowedbyCXL;
Intrastromalcornealring(ISCR)implantationandsubsequent
photorefractivekeratectomy (PRK)/CXL;andsimultaneous
wavefront-guidedPRKcombinedwithCXL
[16-20].Recent
studieshavereportedpromisingresultsintheimprovement
ofvisualoutcomes,andstabilityofthediseasecondition
usingacombinedtreatmentoftopography-guided
photorefractivekeratectomy(TG-PRK)andCXL
[17-19,21-24].
Kanellopoulos
[23] showedthatsame-daysimultaneous
topography-guidedPRKandCXLwassuperiortosequential
TG-PRKinthevisualrehabilitationof progressing
keratoconus.Inthisstudy,wepresenttheresultsofsame-day
topography-guidedphotokeratectomycombinedwithCXL,
performedthreemonthsafterISCRimplantationinthe
treatmentofprogressivekeratoconus.
SUBJECTSANDMETHODS
StudyPopulation Twenty-oneeyesof19keratoconus
patients[fifteenmales(79%)andfourfemales(21%)]ofage
19-43ywererecruitedinthisstudy.Allpatientsunderwent
ISCRimplantationfollowedbysame-dayTG-PRKandCXL.
Thesepatientswererecruitedrandomlyfrompatientsalready
scheduledtoundergothesurgerytechniqueinourhospital
aftertheresearchprotocolwasexplained,andinformed
consentobtained,fromeachsubject.Thehospitalresearch
reviewboard approvedthestudy protocolandstudy
proceduresconformedtothetenetsoftheDeclarationof
Helsinki1975asrevisedinFortaleza2013.
Patientswereincludedif:theywereintoleranttocontactlens
wear,showedlow-gradetomoderatekeratoconus,and
progressioninkeratoconusobservedovertheprevious6mo;
andexcludedinthepresenceofanyofthefollowing
conditions:centralorparacentralcornealscarring;central
pachymetrylessthan400 滋m,asmeasuredbyultrasound
pachymeter(DGHTechnologyInc,Exon,PA,USA);
pregnancyandlactation;severedry-eyedisease;systemic
autoimmunedisease;and/orahistoryofherpetickeratitis.
KeratoconuswasgradedbasedonAmsler-Krumeich
classificationinaccordancewiththedistributionareaofthe
ectasiaashasbeendescribedbyG 佼 mez-Miralles
[25]
Therewereeleveneyes(52.4%)withlowkeratoconusand
teneyes(47.6%)withmoderatekeratoconus.
However,progressionofkeratoconus(KC)wasdefinedas
oneormoreofthefollowingchangesoveraperiodof6mo:
anincreaseof 逸1.00DinK-max,anincreaseof 逸1.00D
manifestcylinder,oranincreaseof 逸0.50Dinmanifest
refractionsphericalequivalent.Allpatientswereseekingfor
relieffromtheirrefractiveerror.
DataCollection Clinicalevaluationofgeneralandocular
healthwasperformedpre-operatively.Forallpatients,the
same optometristsalsoassessedthefollowingvisual
parameters,atbaseline,afterISCR,atlastfollow-up(average
of9mo)afterISCRbutpriortoTG-PRK/CXL,andthree
monthsafterTG-PRK/CXL:uncorrecteddistancevisual
acuity [UDVA(logMAR)],correcteddistancevisualacuity
[CDVA(logMAR)]wereobtainedbytheSnellenprojected
eyechart;meanmanifestcylinderandmeansphereby
objectiverefractionwerethriceobtainedandaverages
recorded;topographicalkeratometryvalues(D)andcoma
(滋m)wereonceobtainedbytheSchwindCornealwavefront
Analyzer (Eye-tech-Solutions,GmbH&Co.Kleinostheim,
Germany).Alldatawereanalyzedfornormality.Alldata
wereenteredintoaMicrosoftExcel2007spreadsheet
(Microsoft,Inc,Redmond,Washington,USA).Themean,
standarddeviation,minimumandmaximumvalueswere
calculatedandpresenteddescriptivelyinatableandfigure
whereapplicable.Tostudythedifferencesinalltested
801parameterspre-andpost-treatments,aStudent's -test
analysiswasconductedtocomparethebaselinewith
first-step;baselinewithsecondstep;firststepwithsecond
step,post-surgicaloutcomevalues.Allstatisticalanalyses
wereconductedusingtheGraphpadInstatsoftware(version
3.00-GraphpadSoftwareInc.,SanDiego,CA,USA).A
value<0.05( 琢 )wasconsideredstatisticallysignificant,and
with20eyesthestudyhadapowerof80%ascalculated
usingtheGpowersoftware3.1.3version.
SurgicalProcedures Allprocedures-thefirststep(ISCR)
andthesecondstep(TG-PRK/CXL)-inallpatientswere
performedintheUniversityOphthalmologyclinicbythe
sameophthalmologist(WA)understerileconditions.Asa
firststep,alleyesunderwentfemtosecondlaser-enabled
(IntralaseFS,IntralaseCorp./AbbottMedicalOptics,Inc.
AbbottPark,Illinois,USA)placementofISCRusingthe
Keraring (Mediphacos,Brazil).Segmentsizeswere
determinedaccordingtothenomogramprovidedbythe
manufacturer.Depthoftheringchannelswassetat75%
-80%ofthethinnestpachymetryreading.Attheendofthe
surgery, antibioticandcorticosteroideyedropswere
administered,abandagecontactlenswasfitted,andslit-lamp
examinationwasconducted.Aboutthreetofivedayslater,
thebandagecontactlenswasremovedaftertheepithelial
defectatthesiteofincisionhadclosed.
ThepatientswerefollowedafterISCRimplantationforat
least3moandatmost24mountilstabilizationofrefraction
wasachieved.Subsequently,thepatientsunderwentasecond
stepTG-PRKfollowedbysame-dayriboflavin-UVACXL
duringsamesession.De-epithelializationwasperformedin
allcasesbyphototherapeutickeratectomy(PTK)usingthe
Schwind Amarislaserplatform(SCHWIND
Eye-tech-Solutions,GmbH&Co.Kleinostheim,Germany),
soastosmooththeanteriorirregularcornea.ThePTK
ablationwasperformedtoremove50 µ ofthecentral6.5
mmofcornealepitheliumpriortoperformingTG-PRK
treatmentswitha6mmopticalzone.Theaimwasto
normalizethecorneabyreducingirregularastigmatismwhile
treatingpartoftherefractiveerror.Thisdepthwaschosento
minimizetissueablationandreducetheriskofiatrogenic
ectasiaaswasreportedinapreviousstudy
[10].MitomycinC
0.02mg/mLwasthenappliedfor30sforallTG-PRK
procedures.
ShortlyafterPRK,theCXLtreatmentwasinitiatedby
instilling0.1%riboflavinsolutioninthecenterofthecornea
every2to3minfor30min.ThenUVAirradiationwas
performedatthecentral8.0mmdiameterofthecorneausing
aUVXsystem (Peshke,Inc.)ofwavelength365nmfor
30minatirradianceof3.0mJ/cm
2;duringthistime,
riboflavindropswereinstilledevery2min.AfterCXL,the
cornealsurfacewasirrigatedwithacoldbalancedsalt
solutionkeptat4 ℃,antibioticandcorticosteroideyedrops
wereadministered,abandagecontactlenswasfitteduntil
fullre-epithelialization,andtheeyeswereexaminedatthe
slitlamp.Thebandagecontactlenswasremovedwhentotal
epithelializationwasobserved(between3dto5d)and
post-operativemedicationincluded:diclofenacsodium0.1%
(Voltaren)dropsfor2dandtobramycin/dexamethasonedrops
4timesdailyuntilbandagecontactlenswasremoved.Inall
cases,asilicon-hydrogellens(AirOptix[CibaVision]of
materiallotrafilconB,diameter14.0mm,basecurve8.6
mm,andDkof140barrers,wasusedasbandagecontact
lens.
Safetyindexwascalculatedbytheratio:post-keraring
placementCDVA/baselineCDVA(inlogMAR).Efficacy
indexwascalculatedbytheratio:post-keraringplacement
UDVA/baselineCDVA(inlogMAR).
RESULTS
Thedescriptivestatisticsofthemean 依standarddeviation
valuesofthevisualandrefractiveoutcomesatbaseline
(pre-ISCR),afterthefirst-step(post-ISCR),pre-2
nd step
(pre-TG-PRK/CXL)andatafterthesecondstep
(post-TG-PRK/CXL),andtheresultsofthepaired -test
analysishasbeenshowninTable1.
ComparisonofBaselineandPost-ISCR (1
st step)and
Post-TG-PRK/CXL(2
nd step)outcomes Meanfollow-up
was9.0 依5.7mo (range3-24mo)post-ISCRand3mopost
TG-PRK/CXL.FromTable1,itcouldbededucedthat:
comparedtobaseline(pre-ISCR),themeanUDVA,themean
K-values,themeansphere,andthemeancylinder,all
showedstatisticallysignificantimprovementsafterthefirst
stepandafterthesecondstep(paired test: <0.05,forboth
steps);theKvalues(Kmax,K min, Kaverage)showedsignificant
decreases,sodidthesphericalandcylindricalrefractive
components,3moafterPRK/CXL.Theimprovementinmean
CDVAfrombaselinetopost-ISCRwasnotstatistically
significant (paired test: >0.05); however,the
improvementpost-TG-PRK/CXLwasstatisticallysignificant
(paired -test: =0.03).Therewasnosignificantchange
frombaseline(pre-ISCR)toaftertreatment(post-ISCRand
post-TG-PRK/CXL)inthemeanCCTandinthemeancoma,
bothofwhichdecreased.
However,betweenthefirststep(post-ISCR)andthesecond
step(post-TG-PRK/CXL),theimprovementsinmean
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Table 1 Descriptive statistics and results of paired t-test conducted on mean±standard deviation (range) values obtained from 21 
eyes with low-grade-moderate keratoconus pre-operatively (baseline), post-intracorneal ring segment implantation (1
st step), 
and subsequent same-day topography-guided photorefractive keratectomy & corneal collagen cross linking (2
nd step) 
Outcomes   Baseline  Post-1
st step 
1P
  Pre-2
nd step  Post-2
nd step 
2P 
3P 
UDVA 
(logMAR) 
0.66±0.41 
(0.05 to 1.30) 
0.31±0.18 
(0.00 to 0.70)  0.01  0.28±0.37 
(0.00 to 1.00) 
0.20±0.25 
(0.00 to 1.00)  0.17  0.01 
CDVA 
(logMAR) 
0.21±0.22 
(-0.10 to 0.70) 
0.28±0.73 
(0.00 to 1.00)  >0.05  0.28±0.73 
(0.00 to 1.00) 
0.03±0.04 
(0.00 to 0.15)  0.10  0.03 
Ksteep (D)  48.44±3.66 
(42.40 to 54.42) 
45.98±2.53 
(43.42 to 51.30)  <0.0001  44.18±2.90 
(40.66 to 50.58) 
43.71±1.95 
(39.59 to 46.68)  0.0007  <0.05 
Kflat (D)  45.61±2.40 
(41.74 to 50.27) 
44.18±2.90 
(40.66 to 50.58)  0.0003  45.98±2.50 
(43.54 to 51.30) 
41.56±2.05 
(37.90 to 45.90)  0.0005  <0.05 
Kaverage (D)  47.00±2.66 
(41.57 to 52.35) 
45.01±2.34 
(42.21 to 50.80)  0.0001  47.00±2.66 
(41.57 to 52.35) 
42.42±2.07 
(39.18 to 46.29)  0.0001  <0.05 
Sphere (D) 
 
-3.10±2.99 
(-9 to +3) 
-1.33±1.51 
(-3.25 to +0.5)  0.004  -1.67±1.97 
(-5.75 to +1.50) 
-0.11±0.93 
(-2.75 to 1.50)  0.02  <0.05 
Cylinder (D)  -3.68±1.53 
(-6.0 to -1.25) 
-1.81±1.49 
(-0.5 to -6.0) 
<0.0001  -2.10±1.45 
(-6.0 to -0.50) 
-1.11±0.75 
(-3.00 to 0.00) 
0.02  <0.05 
Coma (µm)  2.13±1.25 
(1.40 to 4.54) 
1.65±0.97 
(0.50 to 3.86)  >0.05  1.57±0.68 
(0.70 to 2.90) 
1.58±0.75 
(0.68 to 2.97)  >0.14  >0.05 
CCT (µm)  496.94±31.39 
(443 to 565) 
492.90±15.02 
(477 to 521) 
0.38  492.90±15.02 
(477 to 521) 
469.82±33.60 
(425 to 526) 
0.29  0.27 
1,2,3 P values of post-hoc analysis 1
st step versus baseline, 1
st step versus 2
nd step, baseline versus 2
nd step respectively. UDVA: 
Uncorrected distance visual acuity in logMAR; CDVA: Corrected distance visual acuity in logMAR; CCT: Central corneal thickness; D: 
Diopter; 1
st step: Intrastromal corneal ring implantation; 2
nd step: Topography-guided photorefractive keratectomy and collagen cross 
linking. 
 
UDVA,meanCDVA;thereductionsinmeancomaand
meanCCT,werenotstatisticallysignificant(paired -test:
0.05,forthefourcomparisons),whilethedecreaseinK
values,thedecreaseinmeansphericalandmeancylindrical
refractivecomponentswereallstatisticallysignificant(paired
-test: <0.05,forthefivecomparisons)threemonthsafter
TG-PRK/CXL(Table1).Patienttopographicimprovements
canbeseenintheSchwindwavefrontanalyzerbefore,after
ISCRandafterTG-PRK/CXL(Figures1A,1B,1Cand
Figure2respectively).Therewerenointraoperativeor
postoperativecomplications
Regardingthemethodsafety,71%(15/21)ofeyesgained
threeormorelines,5%(1/21)eachgainedoneandtwolines
respectively,while10%(2/21)and5%(1/21)ofeyeseach
lostmorethanthreelinesandonelineofUDVArespectively
(whichwascorrectedwithspectacles),threemonthsafter
TG-PRK/CXL.Generally,UDVAwasavailablein17outof
21eyesatfinalfollow-up(Figure2)andanimprovementin
CDVAofatleastoneSnellenacuityline[57%(12/21)of
eyes].Afterthesecondstep,thesafetyindexwasestimated
tobe1.33andefficacyindextobe0.46.AsshowninFigure
2,atthelastfollow-upexamination,5%(1/21)eyeslost1
lineofBCVA.
DISCUSSION
CollagencrosslinkingwithriboflavinandUVAhavebeen
showntobeeffectiveinstallingtheprogressionof
keratoconusandpellucidmarginaldegeneration,butwith
minimalimprovementinvisualquality,asaresultofapical
keratometryreductionand consequentcorneal
regularization
[14,26,27].Betterresultshavebeenshownwitha
combinationofCXLwithtechniquesthatimprovevisual
acuity.TG-PRKincombinationwithCXLwasfoundtoyield
improvedtopographicindicesandimprovedUDVAand
CDVA,inpatientswithmildtomoderatekeratoconus
[18-20,28,29].
Iovieno
[28] notedsignificantimprovementsinUDVA,
CDVA,refraction,keratometry,andtotalaberrations,after
sixmonthsofIntacsplusPRK/CXLinfiveeyes.Intheir
study,neitheralossoflinesofCDVA,noradevelopmentof
hazeinanyeye,wasobserved.Anotherstudyalsoreported
significantimprovementsinmeanUDVAandCDVA,no
lossoflinesofCDVA,asignificantreductioninmean
cylinder,meanapexK-value,andmildhazewasobservedin
11.1%oftreatedeyes,after12moofTG-PRK/CXL
[20].They
[20] alsoobservedthatthesevisualoutcomesdidnotdiffer
significantlybetween6and12moaftertheprocedure.Ina
morerecentstudy
[19] conductedonthirteenlow-moderate
keratoconiceyes,significantimprovementswereobservedin
UDVA,CDVA,meansphere,meanastigmatism,averageK,
andcoma,aftersixmonthsofTG-PRK/CXL.Also,whileno
eyeslostlinesofCDVA,63%ofeyesgained>2linesof
CDVA,andtherewasnochangeinCDVAinapproximately
27%ofthetreatedeyes
[19].Kanellopoulos
[23] comparedthe
visualfunctionsof325eyesthatunderwentsame-day
simultaneousTG-PRK/CXL,tothosewhohadsequential
CXL with laterPRK.Theyshowedthat, same-day
simultaneousTG-PRK/CXLwassuperiortosequentialCXL
withlaterPRK,inthevisualrehabilitationofprogressing
keratoconus
[23].Inthatstudy,thesimultaneousgroupdid
803better ( <0.05)inallfieldsevaluated:greatersignificant
improvementsinUCVAandbestspectaclecorrectedvisual
acuity (BSCVA),greatermeanreductioninspherical
equivalentrefractionandkeratometry,andlessercorneal
haze,afterabout36mooftheperformingtheprocedures
[23].
Whileallthesestudies
[9,18-20,23,28,29] haveshownsimilar
significantimprovementsinmostofthevisualfunctions
examinedinrelationtothecurrentstudy,theyhaveeither
beenconductedonadifferentpopulationsample,and/orhave
notcompletelyagreedinallfindings,partlybecauseofthe
variationinthesurgicalprotocol,datacollection/analysis
methodorfollow-upduration.
Inthecurrentstudy,ISCRimplantationwiththeaidof
femtosecondlaserwasperformedin21eyesofnineteen
patientswithlowtomoderatekeratoconus,asafirst-step
procedure.Then,afterafollowupperiodofninemonths
(whenrefractionandcornearegularityhavestabilized),a
second-stepprocedurewasperformedwhichinvolveda
TG-PRKandCXL,performedonthesameday,andinthe
samesession.Thesatisfactoryvisual,keratometryand
topographyresultsobtainedafter3moofthistripleprocedure
isanindicationthat,the3procedurescomplementone
another.
Theresultsshowedasignificantreductioninthe
pre-operativemeancylinder,meansphere,steepK,flatK,
andaverageKvaluesthreemonthsafterthesecondstep
procedure.SignificantimprovementintheUDVAwasalso
observedin71% (15/21)ofeyes,andintheCDVA,57%
(12/21)ofeyesshowedimprovementofatleastoneSnellen
acuityline,3moaftercombinedtherapy.Nochangein
CDVAwasobservedin43%ofeyes(Figure2).Similar
resultshavebeenrecentlyreported
[19].However,thestudy
[19]
enrolledlessernumberofeyes(13eyes),andtheirfollow-up
periodwaslonger(6mo),thanthatofthecurrentstudy.From
theirobservation
[19] wecanthereforededucethat,the
Figure1Anexampleofapatient'srighteyetopographicmaps
(obtainedbySchwindeye-tech-solutions,wavefrontanalyzer)
A:Beforeintra-stromalcornealringimplantation,(before1
st
step-ISCR)treatmentforkeratoconus;B:Afterintra-stromalcorneal
ringimplantation,(before2
nd step-ISCR)treatmentforkeratoconus,
showingsignificantimprovement;C:AfterTG-PRK/CXL,(2
nd
step-ISCR)treatmentforkeratoconus,showingsignificant
improvement.
Figure2Bargraphshowingchangeinuncorrecteddistance
visualacuity (UCVA),andcorrecteddistancevisualacuity
(CDVA),beforeandafterthesecondstepprocedure (TG-
PRKandCXL)forlowtomoderatekeratoconus.Itshows
thatapproximately71%ofeyesand24%ofeyesgainedat
leastthreelinesofUCVAandCDVArespectively,atlast
follow-upexamination.
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improvementsinvisualfunctionsobservedinoursubjects,
willremainstableorevenimproveevenafter6moand
beyond.Inaddition,inrelationtothefirststep(post-ISCR)
procedure,thecurrentstudyobservedthatthesecondstep
combinedtherapy significantlyreducedallkeratometry
valuesandrefractivecomponents,butnosignificantchange
inUDVAandCDVA,despitetheslightimprovementshown.
Similarly,CCTandcomawerefurtherreducedbyabout21 滋m
( >0.05)and2滋 m ( >0.05)respectively(Table1).
Tuwairqi
[18] andKymionis
[17] alsoobserved
non-statisticallysignificantreductionsincomaaftertreatment
ofkeratoconuswithsimilarprocedure.Becausetheresultsof
postoperativedatavariedsignificantlybetweenISCRand
TG-PRK/CXL,weconcludethatthesame-daycombined
techniqueyieldedbettervisualoutcomesinpatientswith
mildtomoderatekeratoconus(Figure1B 1C).Thisalso
agreeswithpreviousreports
[17,19,23,24,28,29].
ThefirstcombinationofaTG-PRKtreatmentwithCXLon
patientswithkeratoconuswasdescribedbyKanellopoulos
andBinder,andonestudyobservedthat,thetechniquewas
moreeffectivewhenappliedonthesameday
[22,23].
Subsequently,studies
[16,22] haveshownsignificant
improvementsinvisualoutcomeswithsimultaneous
TG-PRKfollowedbyCXLinpatientseries.Kymionisand
cohorts
[17] thenreportedevenmoreimprovedvisualoutcomes
onperformingonthesameday,acombinationofPRK/CXL
treatmentafterpreviousISCRimplantationonapatientwith
pellucidmarginaldegeneration.Although,thecurrentstudy
observedsomelossoflinesofUDVA,thiswascorrected
withspectacles,three monthsafter TG-PRK/CXL.
Nevertheless, theseeyesshowedno post-surgical
complications,andwitharecentstudyreportingsignificant
improvementof2.7linesinUDVAevenafteroneyearof
pairedISCRcombinedwithCXL,thereisagreatertendency
thattheseeyeswillalsoimproveinUDVA,fewmonthsafter
ourdatacollection
[30].
Eventhoughtheresultofthisstudyagreeswellwithprevious
studies
[17,19,23,24,28-30] andprovidesadditionalinformationto
encouragesurgeonsinthisregionowingtotheobserved
significantvisualimprovements,whichseemtobeevenmore
promisinginthelongterm;itislimitedbytherelativelyshort
periodoffollowupafterthesecondstepprocedure.Studies
withlongerfollow-upperiodareneededtofurtherconfirm
thesefindings.Again,recruitingacontrolgroupmaybe
necessarytobetterunderstandthecauseofthechanges
observedinthecurrentstudy.
Inconclusion,theplacementofintracornealringsegments
followedbysame-daycombinedTG-PRK/CXLisasafe
procedurethatofferspatientsafunctionalvision.However,
whilethisprocedureappearstostabilizethecorneaecstasia
inselectedpatientswithkeratoconus,thereisalsotheneedto
monitortheseeyesoveraperiodofatleastoneyear,inorder
toconfirmthis.
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